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Description 

THIN FILM FORMING METHOD AND THIN FILM FORMING APPARATUS 

Technical Field 

The present invention relatestoathin f ilm forming method 
and a thin film forming apparatus, and in particular, to a 
technology which is effectively applied to a method of forming 
a thin film comprised of an oxide superconductor. 

Background Art 

Conventionally, as a method of forming a thin film on 
a dielectric, silicon, or other substrate, for example, there 
is a thin film forming method by making a material of the thin 
film (hereafter, this is called a thin film material) into 
particulates, and making the particulate thin film material 
on the substrate . As the thin film forming methods, depending 
on difference between methods of making the thin film material 
into particulates, methods of making it deposited, and the 
like, for example, there are a sputtering method, a CVD 
(Chemical Vapor Deposition) method, an MBE (Molecular Beam 
Epitaxy) method, a laser ablation method, a vacuum deposition 
method, etc. 

In addition, generally, thin film forming systems which 
are used when forming a thin film using the sputtering method 
etc. are classified into systems called a parallel plate type 
and an opposed type according to positional relation between 
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a substrate, on which the thin film is formed, and a target 
for generating the particulate thin film material. 

The parallel plate type thin film forming apparatus is 
arranged, for example, as shown in Figure 13, so that a first 
principal surface 1A of the substrate 1, and the target 2B 
may be in parallel. At this time, the target 2B is mounted 
on a cathode 3, and by supplying electric power to the cathode 
3, the particulate thin film material 2A is sputtered out of 
the target 2B between the target 2B and the substrate 1. Then, 
for example, by applying an electric field between the target 
2B and the substrate 1, introducing the particulate thin film 
material 2A in a direction of the substrate 1 with accelerating 
it, and depositing the particulate thin film material 2A on 
the first principal surface 1A of the substrate 1, the thin 
film 2 is formed. In addition, at this time, the substrate 

1 is fixed to a heat stage 13, and is heated from a backside 
IB of the first principal surface 1A of the substrate 1 
(hereafter, this is called a second principal surf ace ) as shown 
in Figure 13 . 

In the case of the parallel plate type thin film forming 
apparatus, the particulate thin film material 2A which is 
accelerated and is in a high energy state collides at a nearly 
vertical angle to the thin film formation surface of the 
substrate. Therefore, while the film formation speed of the 
thin film 2 is fast and productive efficiency is high, there 
is a problem that a damage to the surface of the thin film 

2 deposited on the substrate 1 is serious. In order to make 
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the damage to the surface of the thin film 2 small, for example, 
there is a method of making an acceleration of the particulate 
thin film material 2A small. Nevertheless, when an 
acceleration of the particulate thin film material 2A is made 
small, film formation speed of the thin film 2 drops, and 
productive efficiency drops. Then, in recent years, for 
example, the opposed type thin film forming apparatus is 
proposed as a thin film forming apparatus which replaces the 
parallel plate type thin film forming apparatus. 

The opposed type thin film forming apparatus is arranged, 
for example, as shown in Figure 14, so that two targets 2B 
may face each other on an extension in a direction parallel 
to an in-plane direction of the first principal surface 1A 
of the substrate 1. Also at this time, the each target 2B 
is mounted on a cathode 3, and by supplying electric power 
to the cathode 3, the particulate thin film material 2A is 
sputtered out of the targets 2B. Since the particulate thin 
film material 2A which is sputtered out of the each target 
2B gather between the two targets 2B facing each other, when 
the particulate thin film material 2A is accelerated by 
applying an electric field between the two targets 2B, and 
are introduced on the first principal surface 1A of the 
substrate 1, the thin film material 2 is formed by the 
particulate thin film material 2 A being deposited on the first 
principal surface 1A of the substrate 1. 

In the case of the opposed type thin film forming apparatus, 
since an incident angle at the time of the particulate thin 
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film material 2A colliding with the first principal surface 

1A of the substrate 1 is as small as about 0° to 45°, damage 
which the thin film 2 deposited on the first principal surface 

1A of the substrate 1 receives is small when the particulate 

thin f ilmmaterial 2A collides with the first principal surface 

1A of the substrate 1. Therefore,, since it is possible to 

introduce and deposit the particulate thin film material 2A 

on to the first principal surface 1A of the substrate 1 in 

a high energy state, and it is possible to form the thin film 

2 damage of whose surface is small without reducing productive 

efficiency . 

In addition, since other methods such as the CVD method, 
MBE method, laser ablation method, and other film formation 
methods also form a thin film with principles and apparatuses 
similar to the sputtering method, detailed description is 
omitted . 

The parallel plate type and opposed type thin film forming 
systems are used, for example, when producing microwave devices 
such as a GPS (Global Positioning Systems) array antenna and 
a microwave integrated circuit . In the microwave device, for 
example, as shown in Figures 15 and 16, a circuit pattern 2C 
is provided on the first principal surface 1A of the substrate 
1, and a ground plane 2D is provided on the second principal 
surface IB of the substrate 1. Here, Figure 16 is a sectional 
view taken on line D-D 1 in Figure 15. 

The microwave device is operated using a change of a 
magnetic field generated in connection with a leakage electric 
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field generated between the circuit pattern 2C and the ground 
plane 2D, for example, as shown in Figure 17. At this time, 
when the circuit pattern 2C and the ground plane 2D are oxide 
layer superconductors, for example, it is possible to obtain 
smaller surface resistance and higher operating 
characteristics in comparison with usual conductors. 
Therefore, recently, various microwave devices using the oxide 
superconductors have attracted attention (for example, refer 
to S. Ohshima, "High-temperature superconducting passive 
microwave devices, filters, and antennas", Supercond. Sci. 
Technol., 13, 2000, p. 103-108). 

In a microwave device using the oxide superconductors, 
for example, a dielectric substrate such as magnesium oxide 
(MgO) or sapphire (AI2O3) is used for the substrate 1, and 
oxide superconductors such as YBCO or BSCCO are used for the 
circuit pattern 2C and the ground plane 2D. 

When producing a microwave device using the oxide 
superconductors, first, as shown in Figure 18, thin films 2C f 
and 2D of the oxide superconductors are formed on the first 
principal surface 1A and the second principal surface IB of 
the dielectric substrate 1, respectively. The parallel plate 
type and opposed type thin film forming apparatuses are used 
for formation of the thin films 2C f and 2D. At this time, 
it is assumed that the target 2B is constructed of, for example, 
a material of YBa 2 CU 3 O x , Y 2 0 3 , BaO, CuO, or the like which is 
used for formation of YBCO which is one kind of oxide 
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superconductors. In addition, the dielectric substrate 1 is 

heated at, for example, about 800°C at this time. 

In addition, when forming the thin films 2C f and 2D, for 

example, after forming the thin film 2C 1 on the first principal 

surface 1A of the dielectric substrate 1, the dielectric 

substrate 1 is turned over, and the thin film 2D on the second 

principal surface IB of the dielectric substrate 1 is formed. 

At this time, respective thin films 2C f and 2D on the first 

principal surface 1A and second principal surface IB of the 

dielectric substrate 1 are formed with composition of target 

2B and conditions in an apparatus at the time of formation 

being fixed, for example, so as to become the same film quality 

and film thickness. 

Next, as shown in Figure 19, an etching resist 12 matched 
with the circuit pattern 2C is formed on one thin film, for 
example, the thin film 2C f on the first principal surface 1A 
of the dielectric substrate 1. At this time, although 
illustration is omitted, a resist is formed, for example, also 
on the backside of the surface on which the etching resist 
12 is formed, that is, the thin film 2D on the second principal 
surface IB of the substrate 1. Then, unnecessary portions 
are removed by etching the thin film 2C 1 on the surface on 
which the etching resist 12 is formed, and the circuit pattern 
2C as shown in Figure 15 is formed. 

Nevertheless, when forming the thin films 2 in both sides 
of the substrate 1 by the conventional art, it is necessary 
to form single sides separately. Therefore, for example, 
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while turning the substrate 1 over and forming the thin film 
2 on the second principal surface IB of the substrate 1 after 
forming the thin film 2 on the first principal surface 1A of 
the substrate 1, film quality of the thin film 2 formed on 
the first principal surface 1A of the substrate 1 may change. 
In particular, when forming the thin films 2C* and 2D of the 
oxide superconductors like the microwave device, there was 
a problem that degradation of the film quality due to a timing 
change occurred easily. 

In addition, even if thin films are formed under the same 
conditions using the same thin film forming apparatus, it is 
apt to generate difference between the film qualities of the 
thin film 2 formed at a time and the thin film 2 formed at 
a second time because of states of the target 2B, temperature 
unevenness at the time of heating, etc. Therefore, the 
conventional methods for forming a thin film had a problem 
that it was difficult to equalize the film qualities of the 
thin film of the first principal surface 1A and the thin film 
of the second principal surface IB of the substrate 1. 

In particular, the oxide superconductor used when 
producing the device is deficient in chemical stability. 
Therefore, when forming single sides separately at the time 
of forming the thin films 2C 1 and 2D of the oxide superconductor 
on both sides of the substrate 1 , degradation of the film quality 
and decrease of uniformity of the thin film 2C f formed on the 
first principal surface 1A and the thin film 2D formed on the 
second principal surface IB of the dielectric substrate 1 are 
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apt to be generated. Therefore, for example, there was a 
problem that difference between electrical characteristics 
of the circuit pattern 2C, and electrical characteristics of 
the ground plane 2D arose and operation of the device became 
unstable . 

In addition, upsizing of the substrate 1 used for 
manufacturing the microwave device etc. has been advancing 
recently. Therefore, when forming single sides separately 
at the time of forming thin films on both sides of the first 
principal surface 1A and the second principal surface IB of 
the substrate 1, degradation and unevenness of film quality 
become remarkable. Furthermore, for example, there was a 
problem that time and energy consumption required for formation 
of the thin films increased. 

Moreover, when the time required for the formation of 
the thin films became long, there was a problem that productive 
efficiency of the thin films dropped and manufacturing cost 
rose . 

Hence, the present invention aims at providing a thin 
film forming method and a thin film forming apparatus which 
can reduce degradation and dispersion of film qualities of 
thin films of respective surfaces of the substrate when 
depositing a material, which is made into particulates, on 
both sides of a substrate, for example, when forming thin films 
of oxide superconductors or the like. 

In addition, the present invention aims at providing a 
thin film forming method and a thin film forming apparatus 
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which can reduce production cost at the time of forming thin 
films, such as oxides superconductors, on both sides of a 
substrate . 

Disclosure of the Invention 

A thin film forming method of the present invention is 
a thin film forming method which makes a material (hereafter, 
this is called a thin film material ) , which becomes a source 
of thin films to be formed, particulate, introduces the 
particulate thin film material on a first principal surface 
and its backside (a second principal surface) of a substrate 
and deposits it on the substrate, and forms thin films. The 
thin film forming method is directed to exposing the first 
principal surface and the second principal surface of the 
substrate, and introducing the particulate thin film material 
including converging the particulate material and increasing 
its density when introducing it on the first principal surface 
and the second principal surface of the substrate. Thereby, 
it is possible to form thin films simultaneously on both sides 
of the first principal surface and the second principal surface 
of the substrate. Therefore, it is possible to reduce 
degradation of film quality due to a timing change and 
dispersion in the film quality due to a state or temperature 
unevenness of a target, and it is easy to equalize the film 
qualities of the thin films which are formed in both sides 
of the substrate. 
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In addition,, since it is possible to form thin films 
simultaneously on both sides of the first principal surface 
and the second principal surface of the substrate, it is 
possible to reduce time and energy consumption which are 
required for formation of the thin films. Therefore, it is 
possible to improve productive efficiency and to reduce 
manufacturing cost . 

Furthermore, it is possible to increase film formation 
speed of the thin films by introducing the particulate thin 
film material so that they may converge for their density to 
become high as they approach to the first principal surface 
and the second principal surface of the substrate . Therefore , 
the productive efficiency of the thin films is improved 
further . 

Moreover, at this time, even when the density distribution 
of the particulate thin film material is uneven, it becomes 
easy to uniform film thickness of the thin films by depositing 
the thin film material with rotating the substrate with making 
a normal direction of the first principal surface as a rotation 
axis . 

In addition, at this time, it is possible to reduce 
temperature unevenness of the substrate by arranging heaters 
in a position facing the first principal surface of the 
substrate and a position facing the second principal surface 
and heating the substrate . Therefore, it is possible to reduce 
dispersion in film qualities of the thin films. 
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Furthermore,, it is preferable to use such a thin film 
forming method when forming thin films of oxide superconductors, 
which are deficient in chemical stability, such as YBCO, BSCCO, 
or the like. The oxide superconductor is apt to generate 
degradation and dispersion of film quality by a timing change . 
Therefore, by using the thin film forming method according 
to the present invention, it becomes possible to reduce the 
time required for formation of thin films and to reduce the 
degradation and dispersion of film qualities. 

Moreover, a thin film forming apparatus of the present 
invention is a thin film forming apparatus comprising a target 
constructed of a material (thin film material) which becomes 
a source of thin films to be formed, a cathode for producing 
the material which is made particulate from the target, a 
supporting member for supporting the substrate on which the 
particulate material is deposited, a heater for heating the 
substrate, and a guide for introducing the particulate material 
onto the principal surface of the substrate, including 
converging the particulate material and increasing its density, 
wherein the supporting member supports the substrate so that 
the first principal surface and second principal surface may 
be exposed, and a guide is arranged in a position facing the 
first principal surface of the substrate and a position facing 
the second principal surface of the substrate. Thereby, since 
it is possible to form thin films simultaneously on both sides 
of the first principal surface and the second principal surface 
of the substrate, it is not only possible to reduce degradation 
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of film quality,, but also easy to uniform film qualities of 
thin films formed in respective principal surfaces of the 
substrate . 

In addition, since it is possible to form thin films 
simultaneously on both sides of the substrate, it is possible 
to reduce time and energy consumption which are required for 
formation of the thin films. Therefore, it is possible to 
improve productive efficiency and to reduce manufacturing 
cost . 

Furthermore, by arranging the guide, for example, it 
becomes possible to prevent a particulate thin film material 
from diverging when introducing the particulate thin film 
material, which is generated in a direction parallel to the 
first principal surface of the substrate, on the substrate. 
Therefore, it is easy to deposit a particulate thin film 
material on the substrate in comparison with a conventional 
opposed type thin film forming apparatus, and formation 
efficiency of thin films is improved. 

Moreover, in such a thin film forming apparatus, it is 
preferable that the guide has an inclined portion spaced a 
distance from the substrate that becomes shorter in the 
direction of introducing the particulate thin film material. 
Furthermore, it is preferable to have a parallel port ion, which 
is parallel to the first principal surface or the second 
principal surface of the substrate, in front of the inclined 
portion along the direction of introducing the particulate 
thin film material . At this time, the particulate thin film 
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material is introduced along with the inclined portion on the 
first principal surface or the second principal surface of 
the substrate. Therefore, it becomes easy to introduce the 
particulate thin film material on the first principal surface 
and the second principal surface of the substrate with 
converging it and increasing density. 

In addition, at this time, it is preferable that the 
supporting member is equipped with a rotating mechanism which 
rotates the substrate. Even in the case of introducing the 
particulate thin film conductor with converging it and making 
the density high with the guide, there is dispersion in the 
density of the particulate thin film conductor in the parallel 
portion and inclined portion of the guide. Therefore, by 
rotating the substrate by the rotating mechanism, it becomes 
possible to lessen an influence of the density dispersion of 
the particulate thin film conductor, and it becomes easy to 
uniform the film thickness of thin films to be formed. 

Furthermore, at this time, the heater can reduce uneven 
heating of the substrate by, for example, being provided on 
a surface of the each guide which faces the substrate. 

In addition, it is preferable that the target is arranged 
so that the particulate thin film material generated may be 
incident into the first principal surface and second principal 
surface of the substrate at an angle determined beforehand. 
At this time, when the incident angle at which the particulate 
thin film material is incident into (collides against) the 
first principal surface and second principal surface of the 
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substrate is too large, damage to surfaces of the formed thin 
films is serious , and the surfaces become coarse . In addition, 
when the incident angle is too small, it is apt to be easy 
to be rejected when it is incident into (collides against) 
the first principal surface and second principal surface of 
the substrate, and film formation speed of the thin films drops . 
Therefore, it is preferable that the target is arranged so 
that the incident angle of the particulate thin film material 

may become, for example, 3° to 45°. 

Furthermore, at this time, when dividing the target into 
several pieces, efficiency at the time of generating the 
particulate thin film material is improved, and it is possible 
to lower power consumption. 

Moreover, although the thin film forming method and the 
thin film forming apparatus can be applied to various thin 
film formation regardless of kinds of the substrates and the 
thin film formation materials, in particular , it is preferable 
to be applied when forming thin films of oxide superconductors, 
which are deficient in chemical stability, such as YBCO or 
BSCCO. At this time, the target is constructed of a material 
used for formation of an oxide superconductor. Since an oxide 
superconductor is deficient in chemical stability, it is 
possible to reduce a change (degradation) and dispersion of 
film quality due to a timing change by forming thin films 
simultaneously on both sides of the first principal surface 
and the second principal surface of the substrate . Therefore , 
for example, by producing oxide superconductor thin films such 
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as YBCO or BSCCO with applying the thin film forming method 
and the thin film forming apparatus according to the present 
invention when producing devices such as the microwave device, 
it is possible to reduce dispersion in the operating 
characteristics of the device, and the like. 

Brief Description of the Drawings 

Figure 1 is a schematic diagram for explaining a principle 
of a thin film forming method which is one embodiment according 
to the present invention; 

Figure 2 is a schematic diagram for explaining a principle 
of a thin film forming method which is one embodiment according 
to the present invention; 

Figure 3 is a schematic diagram showing schematic 
configuration of a thin film forming apparatus which achieves 
the thin film forming method according to this embodiment, 
and is a front view showing configuration of the system; 

Figure 4 is a schematic diagram showing schematic 
configuration of a thin film forming apparatus which achieves 
the thin film forming method according to this embodiment, 
and is a left side view taken on line A-A 1 in Figure 3; 

Figure 5 is a schematic diagram showing schematic 
configuration of a thin film forming apparatus which achieves 
the thin film forming method according to this embodiment, 
and is a top view showing configuration of a substrate holder; 

Figure 6 is a schematic diagram showing schematic 
configuration of a thin film forming apparatus which achieves 
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the thin film forming method according to this embodiment, 
and is a sectional view taken on line B-B 1 in Figure 5; 

Figure 7 is a schematic diagram showing schematic 
configuration of a thin film forming apparatus which achieves 
the thin film forming method according to this embodiment, 
and is a top view showing configuration of a heater; 

Figure 8 is a schematic diagram for explaining an 
application example of the thin film forming method according 
to this embodiment, and is a top view showing an example of 
configuration of a microwave device; 

Figure 9 is a schematic diagram for explaining an 
application example of the thin film forming method according 
to this embodiment, and is a sectional view taken on line C-C 1 
in Figure 8 ; 

Figure 10 is a schematic diagram for explaining an 
application example of the thin film forming method according 
to this embodiment, and is a diagram for explaining operation 
of the microwave device; 

Figure 11 is a schematic diagram for explaining an 
application example of the thin film forming method according 
to this embodiment, and is a sectional diagram for explaining 
a process for producing a microwave device; 

Figure 12 is a schematic diagram for explaining an 
application example of the thin film forming method according 
to this embodiment, and is a sectional diagram for explaining 
a process for producing the microwave device; 
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Figure 13 is a schematic diagram for explaining a 
conventional thin film forming method, and is a diagram showing 
a process for formation which uses a parallel plate type system; 

Figure 14 is a schematic diagram for explaining a 
conventional thin film forming method , and is a diagram showing 
a process for formation which uses an opposed type system; 

Figure 15 is a schematic diagram for explaining an 
application example of a conventional thin film forming method, 
and is a top view showing an example of configuration of a 
microwave device; 

Figure 16 is a schematic diagram for explaining an 
application example of the conventional thin film forming 
method, and is a sectional view taken on line D-D 1 in Figure 
15; 

Figure 17 is a schematic diagram for explaining an 
application example of the conventional thin film forming 
method, and is a diagram for explaining operation of the 
microwave device; 

Figure 18 is a schematic diagram for explaining an 
application example of the conventional thin film forming 
method, and is a sectional diagram for explaining a process 
for producing the microwave device; and 

Figure 19 is a schematic diagram for explaining an 
application example of the conventional thin film forming 
method, and is a sectional diagram for explaining a process 
for producing the microwave device. 
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Best Mode for Carrying Out the Invention 

In order to give explanation of the present invention 
in further detail , this will be explained according to attached 
drawings . 

In addition, in all the drawings for explaining an 
embodiment, the same reference numerals are assigned to what 
have the same functions, and their repeated explanation is 
omitted . 

In the thin film forming method which is the present 
invention, thin films are simultaneously formed on both sides 
of a top side and a backside of the substrate by supporting 
the substrate so that the top side (first principal surface) 
and backside ( second principal surface) of the substrate may 
be exposed, introducing a particulate material, generated on 
an extension of the top side (or back side) of the substrate, 
and depositing it on the top side and back side of the substrate . 
In addition, at this time, thin film formation efficiency is 
increased by introducing the particulate material on the top 
side and back side of the substrate including converging the 
particulate material and increasing its density. 
(Embodiments ) 

Figures 1 and 2 are schematic diagrams for explaining 
a principle of a thin film forming method which is one embodiment 
according to the present invention. 

In Figures 1 and 2, reference numeral 1 denotes a substrate , 
reference symbol 1A denotes a first principal surface of the 
substrate, reference symbol IB denotes a second principal 
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surface of the substrate, reference symbol 2A denotes a 
particulate thin film material, reference symbol 2B denotes 
a target, reference numeral 3 denotes a cathode, reference 
numeral 4 denotes a guide, reference symbol 4A denotes a 
parallel portion of the guide, and reference symbol 4B denotes 
an inclined portion of the guide. In addition, in Figure 2, 

0 is an incident angle of the particulate thin film material. 
The thin film forming method according to this embodiment 

is a forming method which uses , for example, a sputter ing method, 

and as shown in Figure 1, generates the particulate thin film 

material 2A in positions to which the first principal surface 

1A and its backside (second principal surface) IB is extended 

of the substrate 1 on which thin films are formed. At this 

time, the particulate thin film material 2A is generated from 

the target 2B, mounted on the cathode 3, for example as shown 

in Figure 1 . In addition, at this time, the cathode 3 on which 

the target 2B is mounted is arranged as shown in Figures 1 

and 2 so that the particulate thin film material 2A generated 

from the target 2B may be incident into (collide against) the 

first principal surface 1A or the second principal surface 

IB of the substrate 1 at an angle 9. The angle 0 is made, 

for example, 3° to 45°. 

At this time, when making the first principal surface 

1A and the second principal surface IB into states of being 
exposed by supporting the substrate 1 on end portions of the 
first principal surface 1A and the second principal surface 
IB, and introducing the particulate thin film material 2A on 
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the first principal surface 1A and the second principal surface 
IB of the substrate 1, it is possible to form thin films 
simultaneously on both sides of the first principal surface 
1A and the second principal surface IB of the substrate 1. 

In addition, at this time, as shown in Figures 1 and 2, 
when providing the guide 4, which has the parallel portion 
4A parallel to the respective principal surfaces 1A and IB, 
and the inclined portion 4B which is separate from the substrate 
1 as it goes to the target 2B from the substrate 1, on the 
first principal surface 1A and the second principal surface 
IB of the substrate 1, it is possible to increase density by 
converging the particulate thin film material 2A in process 
of introducing the particulate thin film material 2A to 
respective principal surfaces 1A and IB of the substrate 1. 
Therefore, since film formation speed of thin films becomes 
high, it is possible to increase productive efficiency. 

At this time, when a boundary between the parallel portion 
4A and the inclined portion 4B of the guide 4 is on the substrate 
1 as shown in Figure 1, density of the thin film material 2A 
in a portion pinched by the parallel portion 4A is different 
from density of the thin film material 2A in a portion pinched 
by the inclined portion 4B, and hence, dispersion arises in 
film thickness . Hence, when the boundary between the parallel 
portion 4A and the inclined portion 4B of the guide 4 is on 
the substrate 1, for example, it is preferable to deposit the 
thin film material 2A with rotating the substrate 1. 
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In addition, when forming the thin films, generally, it 
is necessary to heat the substrate 1. Hence, for example, 
heaters (not shown) a re provided in surfaces of the guide 
4 which face the substrate 1 to heat the substrate 1. Also 
at this time, when the boundary between the parallel portion 
4A and the inclined portion 4B of the guide 4 is on the substrate 
1 as shown in Figure 1, temperature of a portion pinched by 
the parallel portion 4A is different from temperature of a 
portion pinched by the inclined portion 4B, and hence, film 
qualities become uneven. Hence, when the boundary between 
the parallel portion 4A and the inclined portion 4B of the 
guide 4 is on the substrate 1, for example, it is preferable 
to deposit the thin film material 2 A with rotating the substrate 
1 . 

As explained above, by supporting the substrate 1, for 
example, so that the first principal surface 1A and the second 
principal surface IB may be exposed, and introducing the 
particulate thin film material 2A, generated in the position 
to which the first principal surface 1A of the substrate is 
extended, , toward the substrate 1 with accelerating it, the 
particulate thin film material 2A is introduced on both sides 
of the first principal surface 1A and second principal surface 
IB of the substrate 1. Hence, it is possible to form thin 
films simultaneously on both sides of the first principal 
surface 1A and the second principal surface IB of the substrate 
1 respectively. Inconsequence, it is easy to provide uniform 
film qualities for both thin films formed on the first principal 
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surface 1A and the second principal surface IB of the substrate 
1 . 

In addition, by providing the guide 4 to increase density 
of the thin film material 2A on the first principal surface 
1A and the second principal surface IB of the substrate 1, 
it is possible to prevent decease of film formation speed. 
In addition, since it is possible to form thin films 
simultaneously on the first principal surface 1A and the second 
principal surface IB of the substrate, it is possible to reduce 
the time required for formation of the thin films. 

Figures 3 to 7 are schematic diagrams showing schematic 
configuration of a thin film forming apparatus which achieves 
the thin film forming method according to this embodiment, 
Figure 3 is a front view showing the configuration of the thin 
film forming apparatus, Figure 4 is a left side view taken 
on line A-A 1 in Figure 3, Figure 5 is a top view showing 
configuration of a substrate holder, Figure 6 is a sectional 
view taken on line B-B f in Figure 5, and Figure 7 is a top 
view showing configuration of a heater. 

In Figure 3 to Figure 7, reference numeral 5 denotes a 
chamber, reference symbol 5A denotes a first exhaust port, 
reference symbol 5B denotes a second exhaust port, reference 
symbol 5C denotes a gas introducing pipe, reference numeral 
6 denotes a substrate holder, reference symbol 6A denotes a 
first holder, reference symbol 6B denotes a second holder, 
reference symbol 6C denotes a screw, reference numeral 7 
denotes a supporting member, reference numeral 8 denotes a 
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drive shaft, reference numeral 9 denotes a motor, reference 
numeral 10 denotes a heater, reference symbol 10A denotes a 
parallel portion of the heater, reference symbol 10B denotes 
an inclined portion of the heater, reference symbol 10C denotes 
a heating wire, reference symbol 10D denotes a through hole, 
reference numeral 11 denotes a cathode mounting member, and 
reference symbol 11A denotes an angle controller. 

In the thin film forming apparatus which achieves the 
thin film forming method according to this embodiment, as shown 
in Figures 3 and 4, for example, the supporting member 7 which 
supports the substrate holder 6 in which the substrate 1 is 
mounted, the cathode 3 in which the target 2B is mounted, and 
the guide 4 are provided inside the chamber 5. At this time, 
the substrate holder 6 is constructed of the first holder 6A 
and the second holder 6B, and the screws 6C which fasten and 
fix the first holder 6A, and the second holder 6B, as shown 
in Figures 5 and 6. In addition, at this time, as shown in 
Figure 6, the substrate holder 6 supports end portions of the 
first principal surface 1A and the second principal surface 
IB of the substrate 1 with the first holder 6A and, and the 
second holder 6B so that the first principal surface 1A and 
the second principal surface IB may be exposed. 

In addition, since being connected to, for example, the 
motor 9 with the drive shaft 8, the supporting member 7 is 
made to be able to rotate the substrate holder 6 with making 
a normal direction of the first principal surface 1A of the 
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substrate 1 as a rotation axis in synchronization with rotation 
of the motor 9 . 

Furthermore, the guide 4 is constructed of the parallel 
portion 4A parallel to the substrate holder 6, and the inclined 
portion 4B which is separate from the substrate holder 6 as 
it goes to the cathode 3 from the substrate holder 6. At this 
time, it is assumed that the parallel portion 4 A and the inclined 
portion 4B are connected in, for example, a rotary fulcrum 
portion 4C, and an angle formed by the parallel portion 4A 
and the inclined portion 4B is made to be controllable. 

Moreover, the heaters 10 are provided on surfaces of the 
guide 4 which face the substrate holder 6. At this time, the 
heater 10 is constructed of, for example, the parallel portion 
10A mounted on the parallel portion 4A of the heater 4, and 
the inclined portion 10B mounted on the inclined portion 4B 
of the heater 4 as shown in Figure 7. In addition, at this 
time, an angle formed by the parallel portion 10A and the 
inclined portion 10B of the heater 10 is made, for example, 
so as to be interlocked with movement of the parallel portion 
4A and the inclined portion 4B of the guide 4. In addition, 
the heating wire 10C provided in the parallel portion 10A of 
the heater 10 and the heating wire 10C provided in the inclined 
portion 10B of the heater 10 are made so that temperature 
difference between the parallel portion 10A and the inclined 
portion 10B may become small by changing density or the like. 
In addition, the through hole 10D through which the drive shaft 
8 passes is also provided in the heater 10. 
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In addition,, although illustration is omitted, the 
through hole through which the drive shaft 8 passes is also 
provided in the guide 4 . 

Furthermore , the cathode 3 is fixed to the chamber 5 with 
the cathode mounting member 11 as shown in Figures 3 and 4. 
At this time, the angle controller 11A which controls an angle 
of the cathode 3 is provided in the cathode mounting member 
11 . 

When forming thin films on the first principal surface 
1A and the second principal surface IB of the substrate 1 using 
the thin film forming apparatus, for example, the substrate 
holder 6 is put inside the chamber 5 and is supported by the 
supporting member 7 , and while the cathode 3 in which the target 
2B is mounted is mounted in the chamber 5, the angles of the 
inclined portion 4B of the guide 4, the inclined portion 10B 
of the heater 10, and the cathode 3 are adjusted. 

At this time, as shown in Figure 2 , the angle of the cathode 

3 is adjusted so that an incident angle 0 of the particulate 
thin film material 2A made to be sputtered from the target 

2B mounted on the cathode 3 may become 15°. In addition, the 
angle between the inclined portion 4B of the guide 4 and the 
inclined portion 10B of the heater 10 is also adjusted so as 

to become 30° according to the incident angle 0 of the 
particulate thin film material 2A. 

Next, the inside of the chamber 5 is made into a vacuum 
state by not only sucking internal air out of the first exhaust 
port 5A and the second exhaust port 5B which are provided in 
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the chamber 5, but also filling an argon gas or an oxygen gas 
inside the chamber 5 from the gas introducing pipe 5C provided 
in chamber 5 . 

Next, the substrate 1 mounted on the substrate holder 
6 with the heater 10 is heated to the temperature, which was 
determined beforehand, with rotating the substrate holder 6. 

Then, electric power is supplied to the cathode 3, and 
the particulate thin film material 2A is made to be sputtered 
from the target 2B. The particulate thin film material 2A 
made to be sputtered from the target 2B is introduced on the 
first principal surface 1A and the second principal surface 
IB of the substrate 1, for example, according to the principle 
explained with using Figure 1, and is deposited on the first 
principal surface 1A and the second principal surface IB of 
the substrate 1 . 

Figures 8 to 12 are schematic diagrams for explaining 
application examples of the thin film forming method according 
to this embodiment , and Figure 8 is a top view showing an example 
of configuration of a microwave device, Figure 9 is a sectional 
view taken on line C-C 1 in Figure 8, Figure 10 is a diagram 
for explaining operation of the microwave device, and Figures 
11 and 12 are sectional diagrams for explaining a process for 
producing a microwave device. 

The thin film forming method according to this embodiment 
is used, for example as shown in Figures 8 and 9, for producing 
a microwave device in which the circuit pattern 2C is provided 
on the first principal surface 1A of the substrate 1, and a 



- 27 - 

Substitute Specification 

Clean Copy 

ground plane is provided on a backside (the second principal 
surface) IB of the first principal surface 1A of the substrate 
1. There are, for example, an array antenna, a microwave 
integrated circuit, a filter, and the like as the microwave 
devices . 

The microwave device is operated using a change of a 
magnetic field generated in connection with a leakage electric 
field generated between the circuit pattern 2C and the ground 
plane 2D, for example, as shown in Figure 10. At this time, 
when the circuit pattern 2C and the ground plane 2D are oxide 
layer superconductors, for example, it is possible to obtain 
smaller surface resistance and higher operating 
characteristics in comparison with usual conductors. 
Therefore, recently, various microwave devices using the oxide 
superconductors have attracted attention. 

In a microwave device using the oxide superconductors, 
for example, a dielectric substrate such as magnesium oxide 
(MgO) or A1 2 0 3 is used for the substrate 1, and oxide 
superconductors such as YBCO or BSCCO are used for the circuit 
pattern 2C and the ground plane 2D. 

When producing a microwave device using the oxide 
superconductors, first, as shown in Figure 11, thin films 2C f 
and 2D of the oxide superconductors are formed on the first 
principal surface 1A and the second principal surface IB of 
the dielectric substrate 1. The thin film forming apparatus 
which is explained in this embodiment is used for formation 
of the thin films 2C f and 2D. At this time, for example, 
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materials of YBa2CU30 x , Y2O3, BaO, CuO and the like which are 
used for formation of YBCO which is one kind of oxide 
superconductors are used for the target 2B. In addition, the 
substrate lis made into a state of being heated at, for example, 
about 800°C. 

Next, as shown in Figure 12, an etching resist 12 matched 
with the circuit pattern 2C is formed on one thin film, for 
example, the thin film 2C 1 formed on the first principal surf ace 
1A of the substrate 1. At this time, although illustration 
isomitted, a resist is formed, for example, also on the backside 
of the surface on which the etching resist 12 is formed, that 
is, the thin film 2D on the second principal surface IB of 
the substrate 1. Then, unnecessary portions are removed by 
etching the thin film 2C f on the surface on which the etching 
resist 12 is formed, and the circuit pattern 2C as shown in 
Figure 8 is formed. 

At this time, since it was desired to form the thin films 
2C and 2D every one film in a conventional thin film forming 
apparatus, for example, degrees of timing changes of the thin 
film 2C f formed in the first time and the thin film 2D formed 
in the second time were different, and hence, film qualities 
of both the thin films 2C and 2D were different in many cases. 
In particular, in the case of the thin films 2C ! and 2D formed 
with using the oxide superconductors, since the oxide 
superconductors are deficient in chemical stability, 
degradation and dispersion of film qualities are remarkable. 
Therefore, it gives large influence to degradation of operating 
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characteristics of a microwave device produced. On the other 
hand, in the thin film forming apparatus according to this 
embodiment, since it is possible to form thin films 2C 1 and 
2D simultaneously on both sides of the first principal surface 
1A and the second principal surface IB of the substrate 1, 
it is possible to reduce degradation and dispersion in film 
qualities of the thin films 2C f and 2D on respective surfaces. 
Therefore, it is possible to stabilize the operating 
characteristics of the device. 

As explained above, according to the thin film forming 
method according to this embodiment, since it is possible to 
form thin films 2C 1 and 2D simultaneously on both sides of 
the first principal surface 1A and the second principal surface 
IB of the substrate 1, it is possible to reduce degradation 
and dispersion, caused by a timing change, in film qualities. 

In addition, since it is possible to form thin films 2C f 
and 2D simultaneously on both sides of the first principal 
surface 1A and the second principal surface IB of the substrate 
1, it is possible to reduce time and energy consumption which 
are required for formation of the thin films. Therefore, it 
is possible to reduce production cost of the thin films. 

Furthermore, since it is possible to form thin films 2C f 
and 2D simultaneously on both sides of the first principal 
surface 1A and the second principal surface IB of the substrate 
1, it is possible to reduce degradation of film qualities, 
caused by timing changes, also when forming thin films of the 
oxide superconductors. Therefore, it is possible to 
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stabilize the operating characteristics of the microwave 
device using the oxide superconductors. 

Moreover, when thin films are formed in a plurality of 
substrates 1 at once by using the thin film forming apparatuses 
as shown in Figures 3 and 4, or also when thin films are formed 
on the large-sized substrate 1, it is possible to reduce 
degradation and dispersion of film qualities and dispersion 
of film thickness. 

As mentioned above, although the present invention is 
specifically explained on the basis of the embodiments, the 
present invention is not limited to the embodiments, but it 
is a matter of course that it can be modified variously within 
a range of not deviating from its gist. 

For example, although the sputtering method is mentioned 
as the example and the principle and the configuration of the 
thin film forming apparatus are explained in the embodiment, 
it is not limited to this, but it is also possible to apply 
a CVD (Chemical Vapor Deposition) method, an MBE (Molecular 
Beam Epitaxy) method, a laser ablation method, a vacuum 
deposition method, etc. which use similar principles. 

In addition, although the thin film forming method, which 
used an oxide superconductor, in the embodiments, it is not 
limited to this, but it is also possible to apply it regardless 
of kinds of materials so long as it is a thin film forming 
method which uses a similar principle and a similar system, 
for example, to formation of a thin film of a semiconductor 
or a metal. 
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Furthermore,, although the heater 10 reduces temperature 
unevenness in the embodiments by changing density of the 
heating wires 10C of the parallel portion 10A and the inclined 
portion 10B as shown in Figure 7, it is not limited to this, 
but for example, it is also satisfactory to reduce temperature 
unevenness by making the heating wire 10C of the parallel 
portion 10A and the heating wire 10C of the inclined portion 
1 OB independent , and adjusting electric power applied to each . 
Furthermore, although the heaters 10 are provided in the 
surfaces of the guide 4 which faces the substrate holder 6 
in the embodiments as shown in Figure 3, it is not limited 
to this, but any kind of configuration and arrangement can 
be used so long as it is possible to heat uniformly the substrate 
1 mounted on the substrate holder 6. 

Industrial Applicability 

As described above, the thin film forming method and the 
thin film forming apparatus which relate to the present 
invention is useful as a thin film forming method by depositing 
a particulate material on a substrate, and in particular, it 
is suitable for production of a microwave device or the like 
to which stable operating characteristics are demanded. 



